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Introduction
 In 1983, Helicobacter pylori (H. pylori) was iso-
lated for the ﬁrst time by Warren and Marshall1 
from the gastric mucosa of patients with chronic 
gastritis.  H. pylori is a Gram-negative helical rod, 
0.5–1.0 μm width and 3.0–5.0 μm in length, with 
several sheathed ﬂagella.
 The main characteristic of this bacterium is per-
sistent infection in stomach mucosa by its strong 
urease activity2–6.
 H. pylori is widely known to cause chronic gas-
tritis and peptic ulcer7–11, and recently a close link 
has been proposed to stomach cancer and poorly 
differentiated mucosa-associated lymphoid tissue 
(MALT) lymphoma of the stomach12–16.  The main 
routes of infection are thought to be human to hu-
man, especially oral-oral and fecal-oral.  However, 
the mechanism of infection has not yet been clari-
ﬁed in detail and remains an important issue for 
future study.
 The entire genomic structure of H. pylori was 
determined from strain 26695 isolated from a 
British patient in 199717 and strain J 99 isolated 
from an American patient18 in 1999.   The genomes 
of these strains contained about 1.6 million base 
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Abstract : The aim of this study was to investigate the strain heterogeneity of Helicobacter pylori 
(H. pylori) in saliva, gastric juice, and urine by nested PCR and the direct sequence method, and to 
clarify the mode of transmission by examining whether H. pylori in the stomach and saliva are 
identical.
 Thirty-nine patients undergoing endoscopy were enrolled in this study.  H. pylori DNA was as-
sayed in 104 samples using two sets of primers, EHC-U/EHC-L and ET-5U/ET-5L.  DNA sequenc-
ing was performed in 24 samples.
 H. pylori DNA was detected in 39 gastric juice samples (100％ ) and in 28 saliva samples (71.8％ ).  
The prevalence in urine samples was 50％ (13/26).  All samples except one were identical with over 
97％ identity to the DNA sequence of H. pylori type strain J99 (USA).
 Nested PCR was highly sensitive for detection of H. pylori DNA in saliva, and DNA sequencing 
may be useful to clarify the mode of transmission.
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pairs (bp).
 Although clinical diagnosis of H. pylori infection 
is most reliably performed by culture using gastric 
biopsy specimens, the culture techniques are not 
necessarily easy.
 Therefore, the rapid urease test (RUT) and the 
13C-urea breath test (13C-UBT) have been routinely 
used19,20.  Recently, the polymerase chain reaction 
(PCR) method has been introduced for detection of 
H. pylori DNA21,22, and PCR products are directly 
analyzed by DNA sequencer to differentiate the 
type of strains.
 In this study, we detected H. pylori DNA from 
the gastric juice, saliva, and urine by nested PCR, 
and examined the heterogeneity of each gene.
Subjects and Methods
1. Subjects
 The subjects were 39 patients (16 male and 23 
female, with a mean age of 63.2 ± 10.5 years) un-
dergoing endoscopy at The Nippon Dental Univer-
sity Medical Hospital.  Nineteen, 17, and 3 pa-
tients were diagnosed as gastric ulcer, chronic 
gastritis and gastric cancer, respectively.  All gas-
tric juice samples tested positive for H. pylori 
DNA by nested PCR.  A total of 104 samples from 
39 patients were examined by nested PCR: 78 
samples (26 patients) derived from three sources 
(gastric juice, saliva and urine), and 26 samples 
(13 patients) derived from two sources (gastric 
juice and saliva). 
 Twenty-four H. pylori DNA-positive samples 
from 9 patients were analyzed by direct DNA se-
quencing : 18 samples (6 patients) were collected 
from three sources, and 6 samples (3 patients) 
from two sources.
 Informed consent was obtained from each pa-
tient, and the study was approved by the Board of 
Ethics of the Nippon Dental University, School of 
Life Dentistry at Niigata.
2. Methods
1) Sampling
 To avoid contamination by H. pylori, a sterile 
cotton roll was placed on the sublingual region of 
each patient for 10 minutes before endoscopy, and 
then saliva was collected by compressing the cot-
ton roll with a 10 ml syringe.  Gastric juice was 
aspirated from a sterile tube inserted into the side 
hole of the gastroﬁberscope.
 Urine samples were collected in the morning. 
All samples were stored at －80℃ until DNA ex-
traction.
2) Preparation of H. pylori DNA for nested PCR
 Samples were thawed at room temperature, and 
DNA was extracted using a QIAmp DNA Mini Kit 
(QIAGEN Ltd., Crawley, UK).  The thawed sample 
(50 μl) was injected into a microtube, and 150 μl 
of PBS and 20 μl of proteinase K solution were 
added.  The mixture was incubated at 56℃ for 10 
min, and then further incubated at 70℃ for 10 
min after addition of 200 μl of Buffer AL.  The 
mixture was subsequently washed with Buffer 
AW1 and AW2, and centrifuged at 8,000 rpm for 1 
min after addition of 200 μl of Buffer AE.  To the 
precipitate, 66 μl of 3M NaCl, 600 μl of 100% eth-
anol, and 1 μl of RAKUCHIN were added ; the 
mixture was kept at －80℃ for 10 min and then 
centrifuged at 15,000 rpm for 10 min.  The super-
natant was discarded, and the precipitate was 
dried and dissolved in 15 μl of TE buffer (10 mM 
Tris-HCl containing 1 mM EDTA, pH 8.0) to use 
as a DNA sample.
 3) Detection of H. pylori DNA by nested PCR
 The ﬁrst-step PCR was performed as follows. 
The reaction mixture consisted of 5 μl of DNA 
template, 5 μl of dNTP (2.5 mM), 5 μl of 10× 
PCR reaction buffer (10 mM Tris-HCl, pH 8.3, 
with 15 mM MgCl2), 0.3 μl of Perkin-Elmer Ampl-
iTaq DNA polymerase (Roche Molecular Systems, 
Inc., Branchburg, NJ, USA), and 3 μl each of 
primers EHC-U/EHC-L (Target 860-bp DNA, 
417bp) (Table 1).  Sterile distilled water was added 
to a ﬁnal volume of 50 μl. PCR was performed us-
ing a “RobocyclerⓇ Gradient 96” (STRATAGENE) 
(Fig. 1).  Similarly, the second-step PCR was per-
formed in a reaction mixture containing 5 μl of 
ﬁrst-step PCR product, 5 μl of dNTP, 5 μl of 10× 
PCR reaction buffer, 0.3 μl of Perkin-Elmer Ampl-
iTaq DNA polymerase, 3 μl each of primers ET-
5U/ET-5L (Target 860-bp DNA, 230bp) (Table 1), 
and sterile distilled water added to a ﬁnal volume 
of 50 μl (Fig. 1). The ﬁrst and second step of am-
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pliﬁcation consisted of 30 cycles comprising a 
90-sec denaturation step at 94℃, a 120-sec primer 
annealing step at 55℃, and a 90-sec primer exten-
sion step at 72℃23.  The DNA of H. pylori (cultured 
strain) was used as a positive control, and sterile 
distilled water served as a negative control for 
each assay.  The PCR products were electrophore-
sed on 2% agarose gels containing ethidium bro-
mide.
4) DNA sequencing of nested PCR products
 DNA was extracted from a 230-bp band of the 
second-step PCR product using a gel extraction 
kit. DNA sequencing was performed on an ABI 
377 autosequencer (Takara, Japan).
5) Statistical analysis
 The relationship between the amount of H. 
pylori DNA in gastric juice and the detection rates 
of H. pylori DNA in saliva and urine were ana-
lyzed by the χ2 test, and p＜ 0.05 was considered 
signiﬁcant.
Results
1. Detection of H. pylori DNA by nested PCR
 The results of ﬁrst-step PCR with the primer set 
EHC-U/EHC-L, and second-step PCR with the 
primer pair ET-5U/ET-5L are shown in Fig. 2.  H. 
pylori DNA was clearly recognizable as 417-bp 
and 230-bp bands, respectively.
2. Detection rates of H. pylori DNA
 H. pylori DNA was detected in gastric juice from 
all 39 patients.  In saliva samples, H. pylori DNA 
was detected in 28 (71.8%) of the 39 patients, and 
in 13 (50.0%) of 26 patients in urine samples (Ta-
ble 2 and Fig. 3).
3. H. pylori DNA-positive rates in simultane-
ously analyzed samples from three sources 
(gastric juice, saliva and urine)
 In 9 (34.6%) of the 26 patients whose samples 
were collected simultaneously, all samples of three 
sources were H. pylori DNA-positive by nested 
PCR assay.  In 7 patients (26.9%), H. pylori DNA 
was detected in gastric juice and saliva, but not in 
urine.  In 4 patients (15.4%), H. pylori DNA was 
detected in gastric juice and urine, but not in sali-
va.  In 6 patients (23.1%), H. pylori DNA was de-
tected in gastric juice, but not in saliva and urine.
4. Relationship between the intra-gastric 
amount of H. pylori, and the amount of H. 
pylori in saliva and urine
 If large amounts of H. pylori DNA were present, 
a 417-bp band was clearly shown in the ﬁrst-step 
PCR. Even if a 417-bp band was not demonstrated 
because of a small amount of H. pylori DNA, a 
230-bp band was clearly shown in the second-step 
Table 1 The sequences of PCR primers
PCR primers       sequence (5’→ 3’)
EHC-U CCCTCACGCCATCAGTCCCAAAAA
EHC-L AAGAAGTCAAAAACGCCCCAAAAC
ET-5U GGCAAATCATAAGTCCGCAGAA
ET-5L TGAGACTTTCCTAGAAGCGGTGTT
Fig. 1 Procedure for nested PCR ampliﬁcation
(First- and second-step PCR were carried out under the same conditions)
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PCR.  From this evidence, we semi-quantiﬁed the 
amount of H. pylori DNA in gastric juice by 
whether ﬁrst-step PCR was positive or not.
 H. pylori DNA was detected in 27 (69.2%) of 39 
gastric juice samples by ﬁrst-step PCR, and 21 
(77.8%) of these 27 patients were simultaneously 
positive in saliva by second-step PCR (Fig. 4a).  In 
contrast, 26 patients were simultaneously investi-
gated for H. pylori DNA in both gastric juice and 
urine.  H. pylori DNA was detected in 19 (73.1%) 
gastric juice samples by ﬁrst-step PCR, and 9 
(47.4%) of these 19 patients were positive by sec-
ond-step PCR in urine (Fig. 4b).  Although, H. 
pylori DNA was not detected in 12 (30.8%) of 39 
gastric juice samples by ﬁrst-step PCR, 7 (58.3%) 
of these 12 patients were positive by second-step 
PCR in saliva (Fig. 4a).  In contrast, H. pylori 
DNA was not detected in 7 (26.9%) of 26 gastric 
juice samples by ﬁrst-step PCR, and 4 (57.1%) of 
these 7 patients were positive by second-step PCR 
in urine (Fig. 4b).
 From these results, H. pylori DNA in saliva was 
signiﬁcantly associated with the amounts of H. 
pylori DNA in gastric juice (p＜ 0.05).  However, 
H. pylori DNA in urine did not correlate with the 
amounts of H. pylori DNA in gastric juice.
5. DNA analysis
 The 230-bp second-step PCR products were ex-
tracted from 24 samples of 9 patients, and the se-
quences of 207 nucleotides at positions 77750– 
77956 were compared with the H. pylori J99 
genome (Fig. 5).  C to T point mutation at position 
77845 was recognized in all 24 samples, and T to 
G and G to A transition at positions 77809 and 
77878 were conﬁrmed in ﬁve and three of six 
urine samples, respectively.  In Case 7 (a 61-year-
old female), the H. pylori genome in gastric juice 
had mutations in 14 of the 207 nucleotides, while 
in the remaining patients the H. pylori genome 
had more than 98.6% identity to the H. pylori J99 
genome.
Discussion
 Since the PCR technique can artiﬁcially amplify 
the targeted DNA region more than one hundred 
thousand fold, it is an excellent method of sensi-
tively and rapidly detecting the presence of trace 
Fig. 2 The ampliﬁed products analyzed by agarose gel electrophoresis
H. pylori DNA was clearly recognizable as 417-bp and 230-bp bands, respectively.
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amounts of pathogens such as viruses and bacte-
ria.  In addition, the nested PCR method further 
increases the detection sensitivity by designing 
the second pair of primers for a region within the 
target DNA ampliﬁed by a pair of primers and re-
amplifying the ﬁrst PCR product as a new tem-
plate.  It has been reported that the nested PCR 
method can detect 0.01 pg of DNA24.  Since one 
cell of H. pylori has been reported to contain 
0.0076 pg of DNA, DNA can be theoretically de-
tected from one to two cells of H. pylori.  However, 
this method has the drawback of being unable to 
distinguish between DNA from live bacteria and 
dead bacteria and being prone to contamination 
due to its high sensitivity.
 In this study, we detected H. pylori DNA from 
Table 2 Detection of H. pylori DNA using nested PCR in all samples from patients
(＋: H. pylori DNA positive  －: H. pylori DNA negative)
Case Gender Age 1st PCR (Gastric juice) Gastric juice Saliva Urine 
1 F 32 ＋ ＋ ＋ ＋
2 M 70 － ＋ ＋ ＋
3 F 45 ＋ ＋ ＋ ＋
4 M 76 ＋ ＋ ＋ ＋
5 F 78 ＋ ＋ ＋ ＋
6 F 65 ＋ ＋ ＋ ＋
7 F 77 ＋ ＋ ＋ ＋
8 F 57 ＋ ＋ ＋ ＋
9 F 54 ＋ ＋ ＋ ＋
l0 M 58 ＋ ＋ ＋ －
11 M 59 ＋ ＋ ＋ －
12 F 65 － ＋ ＋ －
13 F 73 － ＋ ＋ －
14 M 60 ＋ ＋ ＋ －
15 M 70 ＋ ＋ ＋ －
16 M 68 ＋ ＋ ＋ －
17 M 85 － ＋ － ＋
18 M 48 － ＋ － ＋
19 F 62 ＋ ＋ － ＋
20 M 49 － ＋ － ＋
21 F 75 ＋ ＋ － －
22 M 57 ＋ ＋ － －
23 M 63 ＋ ＋ － －
24 F 77 ＋ ＋ － －
25 F 65 ＋ ＋ － －
26 F 75 － ＋ － －
27 M 66 － ＋ ＋ ND
28 F 70 ＋ ＋ ＋ ND
29 M 63 ＋ ＋ ＋ ND
30 F 57 － ＋ ＋ ND
31 F 47 ＋ ＋ ＋ ND
32 M 58 － ＋ ＋ ND
33 F 61 ＋ ＋ ＋ ND
34 F 59 ＋ ＋ ＋ ND
35 M 63 － ＋ ＋ ND
36 F 72 ＋ ＋ ＋ ND
37 F 68 ＋ ＋ ＋ ND
38 F 78 ＋ ＋ ＋ ND
39 F 39 － ＋ － ND
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gastric juice, saliva, and urine by nested PCR us-
ing two pairs of primers, EHC-U/EHC-L and ET-
5U/ET-5L, targeting 417-bp and 230-bp DNA of H. 
pylori, respectively. The results of H. pylori DNA 
detection from various specimens by nested PCR 
using primers targeting urease A, B, and C have 
been reported25–38 (Table 3).  Li et al.26 reported 
that H. pylori DNA was detected in 84% of saliva 
samples by single-step PCR using primers EHC-
U/EHC-L targeting 860-bp DNA of H. pylori.  Us-
ing the same primers, Song et al.30,36,39 reported 
that 100% of dental plaques and 64.0% of saliva 
samples were positive for H. pylori DNA. Using 
nested PCR with primer pairs ET1-U/ET1-L and 
Fig. 3 Detection rates of H. pylori DNA in gastric juice, saliva, and 
urine.
H. pylori DNA was detected in gastric juice from all 39 patients. In 
saliva and urine, H. pylori DNA was detected in 71.8％ and in 
50.0％ , respectively.
Fig. 4 H. pylori DNA-positive rates in simultaneously analyzed samples from three sources (gastric juice, sa-
liva, and urine)
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ET4-U/ET4-L targeting 850-bp DNA, Jiang et al.29 
reported that H. pylori DNA was detected in 22% 
of saliva samples by ﬁrst-step PCR and in 73% of 
saliva samples by second-step PCR.  Kuwahara et 
al.23 reported that H. pylori DNA was detected in 
78.1% (25/32) of saliva samples by single-step PCR 
using primers HP-1/HP-2 targeting urease B.  We 
similarly detected H. pylori DNA in the saliva of 
28 (71.8%) of 39 patients with H. pylori-positive 
gastric juice by nested PCR.  However, since H. 
pylori is not necessarily distributed evenly in sali-
va40, and since the PCR method is so sensitive 
that it can detect DNA in trace amounts in sam-
ples, the failure to detect H. pylori DNA should 
not necessarily lead to the conclusion that saliva 
is negative for H. pylori, and further it is impor-
Fig. 5 Comparison of the sequence of 207 nucleotides at positions 77750-77956 in the H. pylori J99 genome and the patients
C to T point mutation at position 77845 was recognized in all 24 samples. In Case 7, the H. pylori genome in gastric juice had 
mutations in 14 of the 207 nucleotides, while in the remaining patients the H. pylori genome had more than 98.6％ identity to 
the H.pylori J99 genome.
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tant to consider sampling errors and contamina-
tion in the interpretation of results.
 Although it is well known that H. pylori DNA 
can be detected in the stomach, oral cavity, and fe-
ces26,28, our literature search failed to ﬁnd a report 
describing its detection in urine.
 In this study, we detected H. pylori DNA for the 
ﬁrst time in urine of 13 (50.0%) of 26 H. pylori 
positive patients.
 The possible mechanism of entry of H. pylori 
DNA into the blood circulation and the urine re-
mains incompletely deﬁned.  However, likely path-
ways are that H. pylori DNA enters the blood cir-
culation throughout the injured gastric mucosa, or 
H. pylori digested and absorbed into the small in-
testine reaches the liver via the portal vein and is 
subsequently released into the blood as H. pylori 
DNA.  Thereafter, H. pylori DNA may be ﬁltered 
through the renal glomeruli and excreted in the 
urine.  A second possibility is an H. pylori infec-
tion in the urinary bladder or kidney, with H. 
pylori DNA subsequently detected in the urine. 
Therefore, detailed pathways and their clinical 
signiﬁcance remain major issues for further re-
search.
 In the nested PCR assay, a positive ﬁrst-step 
PCR for H. pylori DNA suggests the presence of 
more abundant DNA than a positive second-step 
PCR.  Therefore, in this study we examined the 
relationships between the amounts of H. pylori 
DNA in gastric juice and the detection rates of H. 
pylori DNA in saliva and urine.  As a result, H. 
pylori DNA was detected in 27 (69.2%) of 39 pa-
tients in gastric juice by ﬁrst-step PCR, and 21 
(77.8%) of these 27 gastric juice samples were si-
multaneously positive by second-step PCR in sali-
va.  This suggested that the content of H. pylori 
DNA in gastric juice was positively related to the 
detection rate of H. pylori DNA in saliva.  On the 
other hand, 19 (73.1%) of 26 patients simultane-
ously investigated for H. pylori in both gastric 
juice and urine tested positive for H. pylori DNA 
by ﬁrst-step PCR in gastric juice, but only 9 
(47.4%) of these 19 patients were positive by sec-
ond-step PCR in urine.  This suggested that the 
detection rate of H. pylori DNA in the urine did 
not correlate with the amounts of H. pylori DNA 
in gastric juice.  The assay using mixed saliva con-
Table 3 Summary of studies on detection of H. pylori DNA in gastric biopsy specimens, dental plaque, and saliva by 
various primers
Reporter Primers Target DNA Sample Method Detection rates
Li  et al.26 EHC-U/EHC-L 860-bp DNA, 417 bp Gastric biopsy 
Specimens
Single PCR 100%   (71/71)
Saliva 84.0%  (57/68)
Fecal 25.0%  (15/61)
Jiang et al.29 ET1-U/ET1-L 850-bp DNA, 283 bp Saliva Nested PCR 73.0%  (33/45)
ET4-U/ET4-L 203 bp
Song et al.30,36,39 HPU1/HPU2 Urease A,  411 bp Dental plaque Single PCR 26.5%  (9/34)
HP1/HP2 16SrRNA, 109 bp Dental plaque Single PCR 78.9%  (30/38)
EHC-U/EHC-L 860-bp DNA, 417 bp Dental plaque Nested PCR 100%  (40/40)
ET-5U/ET-5L 230 bp Saliva Nested PCR 64.0%  (16/31)
Kuwahara et al.23 HP-1/HP-2 Urease B,  759 bp Saliva Single PCR 78.1%  (25/32)
Berroteran et al.38 HPU1/HPU2 Urease A,  411 bp Gastric biopsy 
Specimens
Single PCR 75.0%  (24/32)
Dental plaque 37.5%  (12/32)
Wang et al.35 ET-2U/ET-2L 860-bp DNA, 417 bp Saliva Single PCR 71.0%  (22/31)
Yamada et al.41 EHC-U/EHC-L 860-bp DNA, 417 bp Gastric juice Nested PCR 100%   (39/39)
ET-5U/ET-5L 230 bp Saliva 71.8%  (28/39)
Urine 50.0%  (13/26)
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taminated by food debris and dental plaque may 
be the main reason, though further studies will be 
needed to clarify whether H. pylori DNA is detect-
able in pure saliva.
 We analyzed DNA targeting a total of 207 bp at 
positions 77750 to 77956 of the H. pylori J99 ge-
nome, and noted more than 98.6% identity with 
the exception of the gastric juice of the Case 7 pa-
tient, conﬁrming the practically identical bacterial 
strain.  From these results, we conﬁrmed that the 
two pairs of primers used in this study were supe-
rior to other primers.  However, in Case 7 (the 
61-year-old female), the sequence identity in gas-
tric juice was low at 93.2%.
 These data suggest that more than one H. pylori 
strain may exist in the gastric juice, saliva, and 
urine of the same patients.
 Yamamoto et al.41 reported a 9-year-old boy rein-
fected with different strains of H. pylori after 
eradication therapy.  Recent studies42 have report-
ed infection of patients by more than one strain of 
H. pylori.
 In this study, all samples had C to T point muta-
tion at position 77845.  This is a very interesting 
ﬁnding, suggesting the possibility of a region-spe-
ciﬁc type of H. pylori.
Conclusions
 1. H. pylori DNA was detected in the saliva of 
28 (71.8%) of 39 patients in whose gastric juice H. 
pylori DNA was detected by nested PCR, and in 
the urine of 13 (50.0%) of 26 patients.
 2. H. pylori DNA in saliva was signiﬁcantly as-
sociated with the amounts of H. pylori DNA in 
gastric juice (p＜ 0.05).  However, H. pylori DNA 
in urine did not correlate with the amounts of H. 
pylori DNA in gastric juice.
 3. As all except one case showed more than 
98.6% identity with the H. pylori J99 strain by the 
direct sequencing analysis method, we speculated 
that they were infected with an identical strain of 
H. pylori.  In Case 7 (a 61-year-old female), H. 
pylori genome in gastric juice had mutations in 14 
of the 207 nucleotides, and the sequence identity 
was 93.2%, suggesting double infection with 
strains of different subtypes.
 4. This study demonstrated that the two pairs of 
primer (EHC-U/EHC-L and ET-5U/ET-5L) are su-
perior to other previously reported primers for H. 
pylori DNA.
 5. Detailed pathways and their clinical signiﬁ-
cance of urinary H. pylori DNA remain major is-
sues for further studies.
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